Background: The Hospital Readmission Reduction Program (HRRP) disproportionately penalizes hospitals serving minority communities. The National Academy of Science, Engineering, and Medicine has recommended that the Centers for Medicare and Medicaid Services (CMS) consider adjusting for social risk factors in their risk adjustment methodology. This study examines the association between the racial and ethnic composition of a hospital market and the impact of other social risk factors on the probability of a hospital being penalized under the HRRP.
T
here is growing concern that Medicare value-based payment programs disproportionately penalize hospitals that serve disadvantaged communities. These programs tie reimbursement to the quality of care and penalize hospitals for high rates of poor health care outcomes. However, patients from disadvantaged communities may have poorer health care outcomes for reasons that are beyond the hospital's control. Social risk factors such as poverty, low educational attainment, social isolation, and neighborhood disadvantage can hinder patients' ability to heal and recover from illness. 1 Some health researchers and policymakers assert that Medicare's value-based payment programs unfairly penalize certain hospitals because the current risk adjustment methodologies that measure quality of care do not adequately account for the influence of social risk factors. [2] [3] [4] [5] [6] Studies have found that hospitals serving low-income patients were more likely to be penalized. 7 Several studies have found that hospitals that care for low-income patients are more than twice as likely to be penalized compared with hospitals that care for higher-income patients. 2, 5, 8, 9 Because of this disparity in the likelihood of being penalized, these Medicare payment programs may ultimately reduce health care resources available to residents of disadvantaged communities. 6 Given that low-income communities are often predominantly minority communities, value-based payment programs may have the unintended consequence of increasing racial and ethnic disparities in health care.
There is evidence that social risk factors-such as education, income, race/ethnicity, and employment-have an impact on health and health outcomes. 1, 7 In 2014, Congress passed the Improving Medicare Post-Acute Care Transformation (IMPACT) Act which required that the Office of the Assistant Secretary for Planning and Evaluation (ASPE) study the association between social risk factors and performance under existing federal payment systems and make recommendations based on their findings. 7, 10 The ASPE report examined the associations between health care outcomes and several social risk factors, such as dual enrollment in Medicare and Medicaid, residence in a low-income area, Hispanic ethnicity, black race, and residence in a rural area. The report concluded that beneficiaries with such social risk factors had worse outcomes on several quality measures regardless of provider, and providers that served a disproportionate number of beneficiaries with these social risk factors tended to perform worse on quality of care measures-even after adjusting for beneficiary characteristics. 7, 10 The National Quality Forum has recommended the inclusion of social risk factors in risk adjustment under certain conditions and the National Academies of Science, Engineering, and Medicine (NASEM) has reported on how the Centers for Medicare and Medicaid Services (CMS) could incorporate social risk factors in their reimbursement methodologies. 1, 11 The NASEM report lists 4 primary reasons why it is important to account for social risk factors in Medicare payment programs: to reduce disparities in access, quality, and health outcomes; to improve quality and efficient care delivery for all patients; to promote fair and accurate reporting; and to compensate providers in a fair way. 1, 6 Section 3025 of the Affordable Care Act established the Hospital Readmission Reduction Program (HRRP), which requires CMS to reduce payments to Inpatient Prospective Payment System hospitals with excess readmissions, beginning with discharges after October 1, 2012. 12 Hospital penalty under HRRP is calculated using excess readmission ratios-a ratio of predicted-to-expected readmissions-for 6 program measures. 13 An excess readmission ratio greater than 1 is an indication that the hospital performed worse than the average performance of all hospitals. 13 Using a "payment adjustment factor formula," payment reductions were capped at 1% for fiscal year (FY) 2013, 2% for FY 2014, and 3% for FY 2015 and beyond. 13 As a result, hospitals were penalized $280 million in 2013, $227 million in 2014, and $420 in 2016. 14, 15 Initially, the program focused on patients admitted for acute myocardial infarction, heart failure, and pneumonia. In the FY 2015, CMS expanded the applicable conditions to include patients admitted for: an acute exacerbation of chronic obstructive pulmonary disease; and elective total hip arthroplasty and total knee arthroplasty. In FY 2016, CMS included additional pneumonia diagnoses, that is, patients with aspiration pneumonia and sepsis patients coded with pneumonia present on admission (not including severe sepsis). In FY 2017, CMS further expanded the program to include patients admitted for coronary artery bypass graft surgery. The excess readmission calculation is based on actual readmission data from 2 to 5 years before the FY of reference. 13 In this study, we focus on racial and ethnic composition of the hospital's marketplace because we are interested in whether the HRRP has a negative impact on hospitals serving minority communities. We estimate the association between racial and ethnic composition of a hospital's marketplace and its likelihood of being penalized under HRRP. We address 2 hypotheses: (1) the racial and ethnic composition of a hospital's market area predicts which hospitals were penalized under HRRP; and (2) accounting for social risk factors and hospital characteristics can moderate the association between the racial and ethnic composition of a hospital's market and the likelihood of being penalized. Adjusting the reimbursement methodology explicitly for the racial and ethnic composition of a hospital's market may be politically problematic, therefore it is important to identify other social risk factors that moderate the association between minority communities and the likelihood of hospitals-that serve racial and ethnic populations-being penalized. The problem with such an approach is that it elicits notions of redlining and labeling minority patients as inherently high risk, which could be viewed as discrimination or reverse discrimination (ie, hospitals are paid more for a minority patient than a comparable white patient).
This study contributes to the literature on the impact of HRRP in 2 important ways. Several previous studies have shown that hospitals serving minority patients are disproportionately penalized by the HRRP; however, these studies 16, 17 often have limited race/ethnicity categories to whites and blacks. This study examines whites, blacks, Hispanics, Asians, and persons of "other race." In addition, studies [18] [19] [20] examining hospital readmissions often define minority groups based on the racial composition of the Medicare population while this analysis examines the racial/ ethnic composition of communities-providing insight into the impact of the HRRP program access to care for all patient including non-Medicare patients.
CONCEPTUAL FRAMEWORK
The NASEM has provided a conceptual framework, for the relationship between social risk factors and health outcomes, such as hospital readmission rates. 1 This model identifies social risks and explains how they are related to health care outcomes including hospital readmissions rates. 1 Social risk factors include 5 major domains: (1) social economic position; (2) racial, ethnic and cultural context; (3) sex; (4) social relationships; and (5) residential and community context.
Although variations in hospital quality may contribute to readmission rates, there is evidence that social risk factors, such as socioeconomic status and race, may contribute to an increased risk of readmission for selected diagnosis. 21 Several studies have found that patients living in high poverty neighborhoods were more likely to be readmitted than patients living in lower poverty neighborhoods. 18, [22] [23] [24] This suggests that despite controlling for differences in hospital practices, social risk factors-such as race and socioeconomic status-may impact hospital readmission rates. 18, 25 Failure to take social risk factors into account in the HRRP risk adjustment may lead to the penalization of hospitals that disproportionally serve populations with a greater burden of social risk factors.
RESEARCH METHODS AND DATA
We used data published by CMS on HRRP from 2013 to 2017 to compute each hospital's penalty status. These data were merged with data from the American Hospitals Association 2013-2015 Annual Survey of Hospitals to obtain measures of hospital characteristics (ie, beds, full-time equivalent employees per adjusted admission, ownership status, teaching status, urban-rural location, and provisions of high-tech index, and community-oriented services).
We used Hospital Cost Report data to compute the percentage of Medicare and Medicaid patients at each hospital.
We obtained each hospital's case-mix index from CMS. The Dartmouth Atlas of Health Care defines hospital service areas (HSA) with a crosswalk from zip codes to HSAs. For each HSA, we computed the following: the percent of residents who were white, black, Asian, Hispanic, and "other race" (defined as percent of Native American, Alaska Native and multiracial); the percent of residents 25 years and older without a high school diploma or general education diploma; the percent of residents with limited English proficiency, the percent of residents living alone, and the poverty rate using data from the American Community Survey 5-year survey 2011-2014. The NASEM report recommends controlling for neighborhood characteristics, and examining communities at the HSA level is one way to summarize the neighborhood characteristics of the patients being served. 1 Finally, we merged data with Medicare-Medicaid Coordination Office Statistical and Analytic Reports to include dual eligible Medicare and Medicaid beneficiaries. Maryland hospitals were excluded because they do not participate in the CMS Inpatient Prospective Payment System. We required hospitals that have complete data for all 5 years, and our final sample included 3168 hospitals per year.
Statistical Analyses
We used bivariate and multivariate analyses to determine whether hospital penalty status is associated with the percentage of minority residents in the HSA. We also used unpaired t test to compare penalized versus nonpenalized hospitals. The base model includes only percentages of residents in the HSA who are Asian, black, Hispanic, and other race. The final model also includes hospital characteristics, HSA-level social risk factors, and state-level fixed effects. The analysis adjusts for factors such as hospital size, ownership type, and teaching categories to compare hospitals to their peers based on hospital characteristics-not just in absolute terms. This approach is suggested by the NASEM report that recommends adjusting for risk factors by peer groups. 1 We estimated the models using generalized linear model specifying a binomial distribution and logit link function. We weighted each observation by its squared adjusted admissions to correct for heteroscedasticity associated with size. All the models were estimated using STATA 14 and RStudio was used to map the data. We report the predicted probabilities and marginal effects for each independent variable instead of odds ratios because two thirds of the hospitals were penalized under the HRRP. The models were estimated separately for each year because HRRP payment penalties and the number of conditions included in the penalty calculation increased from 2013 to 2017. Table 1 compares penalized and nonpenalized hospitals by the racial and ethnic composition of the HSA, hospital characteristics, and social risk factors in 2013 and 2017. Compared with nonpenalized hospitals, hospitals in HSAs with higher proportions of black, Asian, and "other race" residents were more likely to be penalized in 2013 and 2017, and hospitals in HSAs with a high proportion of white residents were less likely to be penalized in 2013. In both years, penalized hospitals were larger on average, more likely to be teaching hospitals, served a higher proportion of Medicaid patients, provided more high-tech and communityoriented services, and had lower average case-mix. In 2017, hospitals in urban or rural areas were more likely to be penalized. In 2013, hospitals were more likely to be penalized if they were serving communities with a higher proportion of: adult residents without a high school diploma or general education diploma, individuals with limited English proficiency, residents living below the federal poverty level or if they were serving communities with a lower proportion of adult residents with a 4-year college degree. These patterns of associations did not change in 2017 although the associations were not statistically significant for the HSA characteristics of limited English proficiency and living below the federal poverty level.
RESULTS
The association between the likelihood of being penalized and the proportion of minorities in the HSA varied by racial and ethnic group. Figure 1 reports the unadjusted (basic model) and adjusted (full model) association between the likelihood of a hospital in a HSA being penalized and the proportion of minorities in the HSA for each racial and ethnic group ranging from 0 to 100. In the basic model for both 2013 and 2017, as the percentage of blacks and Asians residing in the HSA increased, the likelihood of a hospital in that HSA being penalized also increased. As the proportion of black or Asian residents in the HSA increased from 5% to 95%, the likelihood of a hospital in the HSA being penalized increased from 0.56 to 0.81 (for percent black residents) and 0.59-0.93 (for percent Asian residents) in 2013, and from 0.70 to 0.77 (for percent black residents), and 0.72-0.98 (for percent Asian residents) in 2017. In the basic models for 2013 and 2017, the percent of Hispanic and other race residents in the HSA had a different association with the likelihood of being penalized. As the percent of Hispanic and other race residents in the HSA increased from 5% to 95%, the likelihood of being penalized declined from 0.59 to 0.46 (for percent Hispanic residents) and 0.58-0.24 (for percent other race residents) in 2013 and from 0.72 to 0.57 (for percent Hispanic residents) and 0.71-0.31 (for present other race residents) in 2017.
As the proportion of black or Asian residents in the HSA increased from 5% to 95% in the full model for 2013, the likelihood of a hospital in the HSA being penalized increased from 0.59 to 0.65 (for percent black residents) and from 0.61 to 0.99 (for percent Asian residents) in 2013. However, in contrast to the basic model, in the multivariate analyses-when socioeconomic variables such as poverty or education status are included-the significant effect disappears for the black population. This suggests that these socioeconomic factors mediate the effect of black race, a finding that has been noted in previous research. 26 As the proportion of Hispanic residents increases in this model, we see almost no change in the likelihood of hospital penalty-as the proportion of Hispanic residents increases from 5% to 95%, the likelihood of a hospital being penalized remained at 0.59. However, an increase in the proportion of the other race category is negatively associated with a likelihood of hospital penalty-as the proportion of other race residents increases from 5% to 95%, the likelihood decreases from 0.58 to 0.24. In Figure 1D , we see the likelihood of a hospital in the HSA being penalized decreased from 0.72 to 0.63 (for percent black residents) and increased from 0.73 to 0.97 (for percent Asian residents). For the full model in 2017 as the percent of Hispanic and other race residents in the HSA increased from 5% to 95%, the likelihood of being penalized declined from 0.73 to 0.51 (for percent Hispanic residents) and 0.71-0.31 (for percent other race residents).
The 4 part labels in Figure 2 display the association between the likelihood of a hospital being penalized and the increase in percent of minority residents in the HSA in 2013, 2015, and 2017 using the full-generalized linear model Parentheses present the SD. Bonferroni correction (a = 0.05; 2013:~0.0024 and 2017:~0.0025) used to determine the statistical differences in means between penalized and nonpenalized hospitals. HSA indicates hospital service area; POP, population. *P < 0.05. **P < 0.01. ***P < 0.001.
logistic model. Figure 2A shows that the likelihood of a hospital in an HSA being penalized increased as the percent of the black residents increased in 2013, but decreased in years 2015 and 2017. Figure 2B displays a similar decreasing trend in years 2015 and 2017 for the Hispanic population, but in 2013 as the proportion of Hispanic residents increased there was almost no change in the likelihood of a hospital being penalized. The 4 maps in Figure 3 display the association between the likelihood of a hospital being penalized in 2017 and percent of minority residents at the county level including black, Hispanic, and Asian populations. As presented in Figure 3A , hospitals located in counties in Northeast, Southeast, and West Coast were more likely to be penalized in 2017. This corresponds to counties with the highest percentages of black and Asian residents (Figs. 3B, D) . However, hospitals located in the Southwest were least likely to be penalized, corresponding to counties with highest percentages of Hispanic population (Fig. 3C) . The geographic association for black and Hispanics residents and the likelihood of being penalized is fairly clear. However, the association between Asian residents and the likelihood of being penalized is not as straightforward. This is probably due to diversity within Asians which include subgroups with vastly different economic status, educational attainment, health insurance coverage, and English proficiency.
In Table 2 , we display the marginal effects for each independent variable in the full model, which includes race/ ethnicity, hospital characteristics, and social risk factor variables for the years 2013 and 2017. We find that after controlling for hospital characteristics and other social risk factors, there is still an association between the percent Hispanic and Asian in an HSA and the likelihood of a hospital being penalized in 2013, and an association between the percent Hispanic, percent Asian, and percent other race in an HSA and the likelihood of a hospital being penalized in 2017. . This is the predicted probability of being penalized from GLM logistic models, changing the percent of minority's resident at HSA level from 0 to 100. The dependent variable is penalized status and independent variables are percent of each minority groups. Adjusted models include hospitals characteristics, HSA social risk factors and state fixed effects as predictor variables. A, Unadjusted association between probability of being penalized and percent of minorities in HSA in 2013; vertical axis probability of being penalized; horizontal axis percent of each minority group in HSA. B, Unadjusted association between probability of being penalized and percent of minorities in HSA in 2017; vertical Axis Probability of Being Penalized; horizontal axis percent of each minority group in HSA. C, Adjusted association between probability of being penalized and percent of minorities in HSA in 2013; vertical axis probability of being penalized; horizontal axis percent of each minority group in HSA. D, Adjusted association between probability of being penalized and percent of minorities in HSA in 2017; vertical axis probability of being penalized; horizontal axis percent of each minority group in HSA. GLM indicates generalized linear model; HSA, hospital service area.
hospitals with more Medicaid and Medicare patients. Hospitals with more high-tech services and communityoriented services were more likely to be penalized under the HRRP during both years. Urban hospitals were less likely to be penalized in 2013 and hospitals with a higher case-mix index were less likely to be penalized in 2013 and 2017. We also found that hospitals in HSAs with a high proportion of adults with no high school diploma were more likely to be penalized in both years. However, surprisingly, hospitals in HSAs with a higher proportion of persons living below the federal poverty level were less likely to be penalized for both years. Hospitals serving communities with a greater proportion of people living alone were less likely to be penalized in 2017. Lastly, in 2013 we found that hospitals in HSAs with a higher proportion of dual eligible individualsthose enrolled in both Medicare and Medicaid-were more likely to be penalized. Similar results were found when we estimated the models using modified Poisson regression.
DISCUSSION
This study examines the association between the racial and ethnic composition of a HSA and a hospital's likelihood of being penalized under the HRRP. There is growing concern that the lack of risk adjustment for social risk factors in value-based payment programs, such as the HRRP, may lead to disproportionate penalties for minority-serving hospitals and hospitals that primarily treat low-income patients. 8, [27] [28] [29] [30] A recent national survey of hospital leaders found that the most commonly endorsed critique of the HRRP was that the program does not adjust for social risk factors-> 75% of hospital leaders reported this lack of adjustment as a critical issue. . This is the predicted probability of being penalized from GLM logistic models, changing the percent of minority's resident at HSA level from 0 to 100. The dependent variable is penalized status and independent variables are percent of each minority groups. Adjusted models include hospitals characteristics, HSA social risk factors and state fixed effects as predictor variables. Other race includes Native Americans, Alaskans, Native Hawaiians, Other Pacific Islanders, and persons identifying with multiple race groups. A, Association between probability of being penalized and percent of black residents in HSA for 2013, 2015, and 2017; vertical axis probability of being penalized; horizontal axis percent of each minority group in HSA. B, Association between probability of being penalized and percent of Hispanic residents in HSA for 2013, 2015, and 2017; vertical axis probability of being penalized; horizontal axis percent of each minority group in HSA. C, Association between probability of being penalized and percent of Asian residents in HSA for 2013, 2015, and 2017; vertical axis probability of being penalized; horizontal axis percent of each minority group in HSA. D, Association between probability of being penalized and percentage of other race residents in HSA for 2013, 2015, and 2017; vertical axis probability of being penalized; horizontal axis percent of each minority group in HSA. GLM indicates generalized linear model; HSA, hospital service area.
Several previous studies have found that safety-net hospitals are more likely to be penalized under the HRRP. 5, 8, 31 Our study shows that a hospital's likelihood of being penalized increased as the share of black and Asian residents increased in the hospital's HSA, yet this was not true for the percent of Hispanic residents. This may in part be due to the "Hispanic paradox"-the idea that although Hispanics have lower socioeconomic status and higher rates of being uninsured, they have lower overall mortality rates and longer life expectancy compared with both blacks and whites. 32 Hospitals in HSAs with higher proportions of Hispanic residents may be more culturally competent and may implement policies and procedures that better serve the Hispanic population. An additional explanation may be that because as a group Hispanics have higher rates of being uninsured, they therefore have lower rates of readmissions. 33 A study examining the relationship among the insurance status, race, and the likelihood of readmission found that lower readmission rates could result from a lack of health insurance and poor access to health care, especially among minority populations. 33 The lack of health insurance coverage may also explain the negative association between likelihood of being penalized and the proportion of population that are defined as "other race." This category includes Native American, Alaska Native, and multiracial and there is evidence that Native Americans and Alaska Native populations have high rates of uninsurance and significant barriers to obtaining care. 34 The finding regarding the increase in the likelihood of penalty for the Asian population may be due to a number of factors. The Asian population is the fastest growing racial group in the United States, and historical aggregation of subgroups has distorted the understanding of disease burden and mortality patterns among this population. [35] [36] [37] Some studies have found that compared with non-Hispanic whites, the proportionate mortality burden of hypertensive heart diseases and cerebrovascular disease is higher among the Asian American population. 36 In addition, there is evidence that certain subgroups of the Asian population may have a higher risk of readmissions compared with whites and this in part may be due to language barriers and poor medical adherence. [37] [38] [39] In this study, HSAs with a high proportion of the Asian residents are more likely to have higher excess readmissions for heart failure and acute myocardial infarction between 2013 and 2017. It is possible that HSAs with large Asian populations have a large proportion of certain Asian subgroups, and that the associated likelihood of high readmissions is due to the health outcomes of those subpopulations. Regarding the findings for the black communities, several studies have shown that compared with white Medicare beneficiaries, black Medicare patients are more likely to be readmitted. 19, 40, 41 The large positive association between a hospital's penalty status and the share of hospital discharges covered by Medicaid suggests that it is important to provide Medicaid beneficiaries with appropriate wrap around services (eg, care coordination) to reduce the likelihood of readmissions. Medicaid beneficiaries may not receive adequate postdischarge services because of Medicaid's low reimbursement for nonhospital follow-up services. 42, 43 In addition, efforts could be made to link discharged Medicaid beneficiaries with social services and community-based agencies that address social determinants of health, such as housing, employment, and food security. However, social services departments and community-based organizations have limited funds and large populations to serve and therefore may not be able to serve Medicaid beneficiaries who have been discharged without additional resources. 44, 45 The association between penalized hospitals and the provision of community-oriented and hightech services functions as a risk adjusted due to the fact that hospitals that provide these services may attract patients with a higher risk profile which is otherwise not captured in the model.
Information about the dual eligible population was included as an adjustment in the model as there is evidence that it is an indicator of worse outcomes and greater resource use because it reflects the lower incomes of Medicaid recipients. 6 In fact, the ASPE report to Congress cited dual enrollment status as the most powerful predictor of poor health outcomes. 7, 10 The association we find between low educational attainment and the likelihood of a hospital being penalized supports the NASEM conclusion that health literacy is an important determinant of health care outcomes. 1 In addition, previous studies provide evidence to support the relationship between educational attainment and health literacy. [46] [47] [48] [49] Interventions that address health literacy may help reduce avoidable hospital readmission.
Limitations
One limitation of this study is that it includes the racial and ethnic composition of a hospital's HSA as opposed to the hospital itself. This was done in part because this is a national study (our analysis includes all states except for Maryland) and data on the racial and ethnic composition of HSAs was available for every state, whereas data for the racial and ethnic composition of hospital patients is only available for a subset of states. To validate our approach, we conducted a sensitivity analysis comparing the percent of racial and ethnic minorities in the HSAs to the percent of racial and ethnic minorities discharged in hospitals in 11 states in 2013. We found the correlation between the racial/ethnic composition of the HSA compared with the hospital was 80%. In addition, we chose to use racial/ethnic composition of the HSAs to minimize the possible endogeneity between the racial and ethnic composition of the hospitals' patients and the likelihood of being penalized. Hospitals are able to influence the racial and ethnic composition of their patient population, they may decide not to avoid serving certain patients with certain social risk factors. This study is interested in impact on access to care, therefore if hospitals in certain HSAs are disproportionately penalized then geographic access to care all of the residents On the basis of GLM logistic regression, marginal effects evaluated at the mean of predictor variables, with SE.
We estimated separate models for each year. We included all states and District of Columbia except Maryland. Models included state fix effect with reference of California. The tertiary high-tech services index listed the specialty services the hospital provided from a list of 27 items: shaped beam radiation system, burn care, CT scanner, adult cardiac surgery, electron beam computed tomography, extracorporeal shock waved lithotripter, full-field digital mammography, heart transplant, image-guided radiation therapy, intensity-modulated radiation therapy, kidney transplant, liver transplant, lung transplant, magnetic resonance imaging, multislice spiral computed tomography <64 slice, neonatal intensive care, bone marrow transplant services, other transplant, PET/ CT, PET, proton beam therapy, robotic surgery, single photon emission CT, stereotactic radiosurgery, tissue transplant, certified trauma center, and ultrasound hospitals.
Community index is the sum of 11 community services provided by hospitals, such as community outreach, health fair, community health education, health screenings, immunization programs, indigent care clinic, linguistic/translation services, meals on wheels, mobile health services, teen outreach services, and rural health clinic hospitals.
CT indicates computed tomography; GLM, generalized linear model; PET, positron emission tomography; ref, reference. *P < 0.05. **P < 0.01. ***P < 0.001. 
